One of the methods to determine the tolerance of plants to water stress is the observation of germination of seeds under stress induced in laboratory conditions. Thus, the aim was to evaluate the response of four common bean cultivars to water deficit simulated under laboratory conditions. Two common landrace genotypes acquired from farmers (FORT 07 and FORT 08) and two commercial cultivars, IAPAR 81 and Serrano were evaluated. The different levels of water deficit were induced with mannitol solution. The experimental design was completely randomized and a factorial scheme 5 × 4 (osmotic potential x genotypes), with four replications. The characteristics: primary root protrusion, seed vigor, normal and abnormal seedling, seedling and root length, fresh and dry weight of seedling and root were evaluated. By reducing the osmotic potential seedling vigor bean was more affected than the primary root protrusion. Regardless of cultivar, there was a significant and progressive reduction in the normal seedlings percentage from potential −0.3 MPa. The IAPAR 81 and FORT 07 cultivars showed higher tolerance to water deficit compared to other cultivars.
Material and Methods
Seeds of four common bean cultivars were used, two landrace genotypes acquired from farmers in the Fortaleza locality, Muqui, Espírito Santo, Brazil (FORT 07 and 08) and two commercial cultivars (Serrano and IAPAR 81), all characterized [17] [18] , as shown in Table 1 .
Different mannitol solutions levels (C 6 H 14 O 6 ) were used to determine the water stress of the cultivars mentioned. The osmotic potential (MPa) and the concentration used was calculated by Van't Hoff's formula [19] ), shown in Table 2 . Table 1 . Weight of 1000 seeds in grams (P1000), growth habit (GH) and commercial group (GC) of four bean cultivars adapted by Cabral et al. (2010 and 2011 For the germination test was used four replicates with fifty seeds, which were distributed equidistant along two longitudinally lines in the upper two thirds of the paper roll germitest, being two leaves like basis and a to cover. The leaves were moistened with 2.5 times its mass with mannitol solutions (Table 2) . Subsequently, this set was wrapped in polyethylene bags and placed in a germination chamber at a constant temperature of 25˚C. The Counts were performed at five and nine days [20] .
Vigor was evaluated by the first germination count found on the 5th day after sowing, the classification "strong normal" encompasses the seedlings that were well developed and perfect morphologically, but "weak normal" were considered perfect morphologically seedlings, but with less development than "strong normal". Abnormal seedlings were those which not show potential to continue its development and generate a normal plant. Seedlings that did not meet these requirements remained in testing until the final count (9th day), at which time all remaining seedlings were evaluated as normal and abnormal. We also assessed the percentage of seeds that issued the primary root (PRP).
To determine the radicle length and seedling were used 20 seedlings per replicate of each genotype evaluated at the final count with the aid of a ruler graduated in millimeters. These same seedlings were used to evaluate the fresh and dry weight of radicle and seedling. The parties were sectioned and placed separately in paper bags properly identified, which were put to dry in an oven at 60˚C for 48 hours. After this period, the materials were placed in a desiccator to cool and then weighed on an analytical balance accurate to 0.001 g.
The experimental design was completely randomized, being conducted in a factorial scheme 5 × 4 (osmotic potential x genotypes), with four replications with fifty seeds. The results of the primary root protrusion, first count (vigor), normal and abnormal seedlings were transformed into arcsine (X/100) 0.5 . After, we proceeded to the analysis of variance and Tukey test with the GENES software [21] . To perform polynomial regressions for the different osmotic potential levels evaluated used the Sigma Plot software 11.0.
Results and Discussion
By analysis of variance was observed that among the cultivars there was significant difference for the vigor, SFM, RFM, SDM and RDM (Table 3) , demonstrating differential response of these genotypes when subjected Table 3 . Analysis of variance and mean test first count (Vigor), primary root protrusion (PRP), abnormal (AP) and normal (NP) seedlings percentage, seedling (SL) and root length (RL), seedling (SFW) and root (RFW) fresh weight, seedling (SDW) and root (RDW) dry weight to cultivate and osmotic potential (OP). significant at 5 and 1% probability, respectively by F test. CV = variation of coefficient. SV = source of variation. Means followed by the same letter in vertical do not differ by Tukey test at 5% probability.
to water stress. Among the osmotic potential, there was a significant difference for all variables, which shows that different osmotic potential used to decrease water availability for seed promoted different responses at different water stress levels induced between the genotypes in study.
For vigor classifying, Machado [12] reported values of 22% at the potential of −0.6 MPa for the same potential an average value of 64.38% was observed ( Table 3) . What would indicate that the genotypes tested in this study would be more tolerant to water deficit, or can be related to the initial seed vigor in zero osmotic potential. With increased of water restriction level, the vigor (first count) was reduced (Figure 1(a) ), which is most affected from the potential −0.3 MPa in all cultivars, as previously observed [9] . These results corroborate with the findings in Table 3 , where the potential 0 and −0.3 MPa did not differ statistically, but from −0.3 MPa there is a significant reduction in vigor.
Among the genotypes, the commercial cultivars achieved greater vigor compared to local genotypes ( Table 3 ). In the zero potential IAPAR 81 had the highest value (91%) and low vigor was determined in FORT 07 (74.5%). However, on average, the lowest vigor observed was in the cultivar FORT 08 (Table 3) , a fact that may be due to larger grain weight of this cultivar ( Table 1) , which corroborates, in part, to the work [22] reported a high negative correlation between the weight of 1000 seeds and beans vigor, i.e., the higher the seed, the smaller the vigor, since higher seeds germinate more slowly, since they require more water to achieve minimum moisture to activate germination process. From the potential −0.3 to −0.9 MPa commercial cultivars and FORT 07 obtained a lower loss of vigor (Figure 1(a) ), demonstrating, in relation to other genotype under study FORT 08, greater tolerance the water availability reduction in the middle.
The primary root protrusion (PRP) was reduced according reduced the osmotic potential of the solution independent of the genotype (Figure 1(b) ), the highest percentage of PRP was obtained at concentrations of 0.0, −0.3 and −0.6 MPa ( Table 3) , independent of cultivar, similar to that observed by [10] for bean seeds.
The vigor reduction was more drastic than the primary root protrusion, and this difference increased with decreasing osmotic potential (Figure 1) , corroborating [9] [10] [15] . This indicates that even the potential tested, the seeds emit the primary root, but the seedlings have their development compromised by water deficit. For abnormal seedlings variable (AP), from zero osmotic potential to −0.3 MPa the percentage of abnormal seedlings remained at around 10%, regardless of genotype (Figure 2(a) ). However, we noted a dramatic increase for all genotypes, of AP percentage from potential −0.3 MPa reaching near 100% in potential −1.2 MPa ( Table 3) . Similar results were observed by [15] working with NaCl in bean seeds.
For normal seedlings indices (NP) at zero osmotic potential, the best average was obtained by IAPAR 81 with 92%, followed by Serrano (91.5%), FORT 07 (86.5%) and FORT 08 (86%), in which we observed the lowest average obtained for genotypes (Figure 2(b) ). However, from the potential −0.3 MPa there was a drastic reduction of normal seedlings, reaching near zero in the potential −1.2 MPa, regardless of genotype ( Table 3) .
In a study conducted by [18] , the substrate water potentials −0.4 and −0.6 MPa caused significant reduction in normal seedlings and increased percentage of abnormal seedlings in seed bean cv. IAC-Carioca, corroborating the results obtained in this experiment.
According to [23] , when seeds hydration is slow, they are more vulnerable to the attack of pathogens due to ions, sugars and fatty acids exudation by seed. Thus, increasing the abnormal percentage with decreased osmotic potential can be enhanced by pathogens emergence, especially in the lower substrate water potential (unpublished data).
The seedling length (SL) decreased according to the decrease the solution osmotic potential, regardless of genotype (Figure 3(a) ). In the Zero concentration the SL average was 15.67 cm higher than the other potential, being the lowest average (4.53 cm), observed in the osmotic potential of −1.2 MPa, 3.46 times smaller than at zero potential.
In a study conducted by [12] with mannitol solution, they observed at osmotic potentials −0.6 and −1.2 MPa values of 4.093 and 4.043 cm for seedling length respectively, these being lower than those observed in this experiment. Analyzing the same variable, the highest values potential equal to 4.78 cm to −0.01 cm to 1.24 MPa and −0.2 MPa were observed [19] , values are also lower than those observed in this experiment. However, it is noteworthy the difference between the methodologies used to measure the seedling length, since both authors evaluated the SL at fifth day after the experiment was established and this work was on the ninth day.
The root length (RL) decreased with the osmotic potential reduction, although the Serrano, IAPAR 81 and FORT 07 showed root length in the potential −0.3 MPa greater than at zero potential. Similar results were observed with mannitol in beans and canola [8] [19] . This effect is due to the fact that seedlings subjected to water stress, to some extent, are stimulated to greater root development allowing absorb water at greater depths [8] .
In the zero osmotic potential, the best averages of RL were obtained by FORT 08 and IAPAR 81, with 12.23 and 11.72 cm, respectively (Figure 3(b) ). However, osmotic potential −0.3 MPa inversion occurred between these two genotypes (FORT 08 and IAPAR 81). From potential −0.3 MPa there was a drastic decrease of RL (Table 3) , especially for IAPAR 81 and FORT 08, being the smallest reduction in RL for Serrano and FORT 07 which reached 8.52 and 7.59 cm, respectively (Figure 3(b) ). Thus, FORT 08 and IAPAR 81 genotypes demonstrating greater sensitivity for initial root development and Serrano and FORT 07 showed greater tolerance for osmotic potential reduce of the root development environment.
For root length variable, another work [12] obtained on the potential of −0.6 MPa, mannitol, a mean value of 12.27 cm and −1.2 MPa 7.44 cm, value higher than those observed in this experiment being 9.94 and 6.04 cm for the potentials of −0.6 and −1.2 MPa, respectively. On the −0.01 MPa value of 7.46 cm and −0.2 MPa, 2.07 cm were observed [19] , while the potential −0.4 and −0.6 MPa were similar, averaging 0.56 cm and 0.94 cm, respectively, lower than those observed in this experiment values, indicating wide variation in different genotypes responses.
For seedlings fresh weight variable (SFW) in the stress conditions absence (Figure 4(a) ), it was observed that the highest average was obtained by FORT 08 with 16.85 g, much higher than the lowest average that was obtained by Serrano (6.91 g). The FORT 08 genotype showed the best average and Serrano and the worst in all osmotic potentials. This can be explained by the fact that FORT 08 has higher seed 1000 weight (413.7 g) and the Serrano have lowest (160.4 g), as shown in Table 1 . Accordingly, the higher the bean seed greater is the amount of reserve substances and thus, the greater the seedlings fresh weight due to the greater ability to compete for water with the environment, since the more cotyledons reservations greater the difference in water potential with the environment. However, proportionally, the greatest reduction in SFW compared to zero osmotic potential to −1.2 MPa was observed for IAPAR 81 with −47.02%, followed by FORT 08, Serrano and FORT 07, with −45.93%, −31.98% and −27.47%, respectively. This demonstrates a greater sensitivity IAPAR 81 and greater tolerance for FORT 07 in relation to the SFW as the water environment reduction. By analyzing the results of root fresh weight (RFW), it was noted that the FORT 08 and Serrano presents the highest and smaller values, respectively, regardless of the osmotic potential (Figure 4(b) ), as was also observed for the SFW variable. The greatest percentage reduction between zero and −1.2 MPa potential was observed in the FORT 08 with −52.43% followed by IAPAR 81 (−44.66%), Serrano (−40.51%) and FORT 07 (−27.27%). This demonstrates that for this variable, the greater susceptibility of genotype FORT 08 and greater tolerance of FORT 07 when subjected to osmotic potential environment reduction.
The seedling (SDW) and root (RDW) dry weight variable, suffered interference of osmotic potential, with lower values for the lower potential (Figure 5) , as observed by [9] [12] [19] [24] .
For SDW and RDW, the best results were obtained for the FORT 08, independent of water potential ( Figure  5(a) and Figure 5(b) ). Serrano was more sensitive than other genotypes to water stress in higher mannitol concentration, since presented in the lower SDW at potential −1.2 MPa.
The shoot and root bean dry weight obtained for the osmotic potential −1.2 MPa, 0.100 and 0.057 g, respectively [12] , lower than those observed in this work, and in the same osmotic potential, it was 1.12 and 0.10 g for SDW and RDW, respectively.
As can be seen in this study, there are osmotic potential levels causing decrease in seed performance, becoming critical for the seedlings development. The results reveal the importance of assessment of substrate water potential, considered critical for germination and seed vigor and seedling establishment beans, beyond the need for cultivars careful selection that can present tolerance to stress conditions caused by salinity environment.
Conclusions
The osmotic potential environment decrease from −0.3 MPa affect the bean seeds performance of the tested genotypes. 
